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Abstract The aim was to investigate the implications of

androgen receptor (AR) expression levels on outcomes for

estrogen receptor (ER)-positive tumors. Immunohisto-

chemically AR levels were determined from tissue micro-

arrays of 614 ER-positive patients who received adjuvant

endocrine with or without chemotherapy between November

1999 and August 2005. Characteristics and survival were

analyzed using a Chi-square test, Kaplan–Meier methods,

and Cox’s models. AR levels were categorized into 3 sub-

groups as follows: low, AR \ 10%; intermediate, 10% B

AR \ 50%; high, AR C 50%. Low, intermediate, and high

AR levels were observed in 29.0, 44.0, and 27.0% of patients,

respectively. High AR was associated with smaller size,

nodal uninvolvement, grade I/II tumor, higher progesterone

receptor expression, and lower proliferation index. With a

median follow-up of 70.9 months, the high AR subgroup

showed better survival, and these associations were main-

tained in 119 patients who received endocrine therapy alone

[hazard ratio (HR), 0.111; 95% CI, 0.013–0.961 for disease-

free survival (DFS); HR, 0.135; 95% CI, 0.015–1.208 for

overall survival (OS)]. No significant benefits from chemo-

therapy were demonstrated in the high AR subgroup; how-

ever, the benefit from chemotherapy was significant among

448 AR-intermediate or -low patients (HR, 2.679; 95% CI,

1.452–4.944 for DFS; HR, 3.371; 95% CI, 1.611–7.052 for

OS). High AR is an independent prognostic factor and a

significant predictor for better endocrine-responsiveness in

ER-positive tumors. AR-low or -intermediate levels could

give an additional indication for use of chemotherapy in

ER-positive tumors.
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STROBE Strengthening the reporting of observational

studies in epidemiology

TMA Tissue microarray

Introduction

Adjuvant endocrine therapy for early stage estrogen

receptor (ER)-positive breast cancer has been known to be

effective in delaying recurrence and prolonging survival

[1]. However, despite well-documented predictive and

prognostic roles of ER in breast cancer patients, up to 50%

of ER-positive tumors eventually do not respond to endo-

crine therapies, either due to intrinsic de novo resistance or

acquired resistance following prolonged use of those

treatments [2, 3]. In addition to ER status, responsiveness

to adjuvant endocrine therapy is significantly associated

with the level of ER expression, progesterone receptor (PR)

status, human epidermal growth factor receptor 2 (HER2)-

positivity, and Ki-67 proliferative index in patients with

hormone receptor-positive breast cancer [3–5]. Recently,

gene expression profiling such as Oncotype DXTM

(Genomic Health, Inc., Redwood City, CA) and Mamma-

PrintTM (Agendia, Amsterdam, The Netherlands) has been

suggested for better prediction of relapse and survival

outcome among those patients [6, 7].

Since breast cancer is a highly hormone-dependent

tumor, endocrine therapy is the mainstay of adjuvant

treatment. The additional use of cytotoxic chemotherapy in

patients with ER-positive breast cancer is still being

debated. In the adjuvant setting, less absolute benefit from

additional chemotherapy was found in patients with ER-

positive tumors compared to those with ER-negative dis-

eases [8, 9]. This trend was also confirmed in the neoad-

juvant chemotherapy trials, that ER-positive tumors were

less likely to achieve a pathological complete response than

ER-negative tumors [10]. In the current clinical practice,

additional use of chemotherapy is based on the assessment

of disease-relapse risk including traditional histopatholo-

gical prognostic factors and gene signatures in patients

with ER-positive tumors [11, 12].

With increasing results supporting the prognostic value of

androgen receptor (AR) in both ER-positive and ER-nega-

tive tumors, we and others report the emerging roles of AR in

breast cancer patients [13–16]. A significant number of

primary breast cancers express AR [17]. Antiestrogen

tamoxifen combined with androgen fluoxymesterone pro-

vided higher advantages of response rate, time to progres-

sion, and survival over tamoxifen alone for postmenopausal

patients with metastatic breast cancer, especially those

whose age was C65 years and whose ER level was

C10 fmol/mg [18]. AR expression is significantly associ-

ated with ER-positive tumors and antiproliferative effect of

aromatase inhibitors (AIs) may be partly potentiated by the

inhibitory effect of androgen via AR [17, 19]. These data

suggest that AR expression could be a significant factor for

the prediction of therapeutic response to systemic therapies

in ER-positive breast cancers. Recently, we reported sig-

nificant impacts of AR on survival outcomes in ER-positive

subgroup [13]. However, the in vitro study of de Amicis

et al. [20] demonstrated that AR over-expression was asso-

ciated with tamoxifen resistance by affecting tamoxifen-

induced ER signaling pathways. The predictive value of AR

expression levels for adjuvant endocrine and chemotherapy

is not yet clearly established in patients with ER-positive

breast cancer.

The aims of this study were to investigate the clinical

implications of AR levels on survival outcomes, to deter-

mine the role of AR levels for predicting responsiveness to

endocrine therapy, and to explore subgroup gaining clinical

benefits from chemotherapy according to AR levels in

ER-positive breast cancers. All patients had ER-positive

tumor and received definite local therapies and endocrine

therapy with or without chemotherapy.

Materials and methods

Study population

Tumor samples were collected between November 1999

and August 2005, formalin-fixed, and paraffin-embedded.

Archival hematoxylin and eosin (H&E)-stained slides for

each case were reviewed by breast pathologists. Immuno-

histochemistry (IHC) was interpreted in a blind fashion,

without any information regarding clinical parameters or

outcomes. Among the initial study population of 1,153, the

exclusion criteria were as follows: unreadable AR expres-

sion (n = 13), pure in situ carcinoma (n = 43), metastatic

disease (n = 12), ER-negative tumor (n = 251), patient

receiving neoadjuvant chemotherapy (n = 66), and ER-

positive patient who did not receive endocrine therapy

(n = 72). Invasive carcinomas (n = 82) that did not pres-

ent invasive focus upon review of archival H&E-stained

slides were also excluded since they represented only

extensive intraductal components. As a result, 614 patients

were enrolled for analysis. This study was approved by the

Institutional Review Board of Severance Hospital, Yonsei

University Health System (4-2010-0136). Our study was

reported according to the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) state-

ment [21].

Patient characteristics and survival were retrospectively

obtained from medical records. Patients were treated with
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either mastectomy or breast-conservation surgery and

sentinel lymph node biopsy or axillary lymph node dis-

section. After surgery, local radiotherapy or adjuvant

treatments were administered if the patient was able to

tolerate them. Clinical follow-up included history-taking,

physical examinations, laboratory tests, and radiologic

imaging every 6–12 months for detection of relapse.

Tumor stage was based on the 6th American Joint Com-

mittee on Cancer criteria [22]. Histological grade was

assessed by the modified Bloom-Richardson classification

[23]. Disease-free survival (DFS) time was measured from

the date of the first curative surgery to the date of the first

locoregional or systemic recurrence, or death without any

type of relapse. Overall survival (OS) time was measured

from the date of the first operation to the date of the last

follow-up or death from any cause.

Tissue microarray and immunohistochemistry

Tissue microarray (TMA) blocks were constructed using

formalin-fixed, paraffin-embedded tumor samples as

detailed in procedure descriptions from a previous study

[13]. IHC staining was carried out using TMA. In brief,

5 lm-thick sections were deparaffinized and rehydrated.

After treatment with 3% hydrogen peroxide solution for

10 min to block endogenous peroxidase, sections were

pretreated in 10 mM citrate buffer for antigen retrieval in a

microwave oven for 20 min. After incubation with primary

antibodies against AR (AR 441, 1:100; Thermo Scientific,

Fremont, CA), ER (SP1, 1:100; Thermo Scientific), PR

(PgR 636, 1:50; DAKO, Glostrup, Denmark), HER2

(polyclonal, 1:1,500; DAKO), and Ki-67 (MIB-1, 1:100;

DAKO), immunodetection was performed with biotinylated

anti-mouse/rabbit immunoglobulin, followed by peroxi-

dase-labeled streptavidin using a labeled streptavidin biotin

kit with 3,30-diaminobenzidine chromogen as the substrate.

The slides were counterstained with Harris hematoxylin.

The level of nuclear AR expression was arbitrarily

categorized into 3 groups as follows: low, AR \ 10%;

intermediate, 10% B AR \ 50%; high, AR C 50% that is

upper quartile of our study population. Tumors with C1%

nuclear-stained cells were considered positive for ER and

PR as the American Society of Clinical Oncology/College

of American Pathologists (ASCO/CAP) guidelines [24].

Steroid hormone receptors were based on manual and

absolute counts. Arbitrary cut-off score of 10% was used

for Ki-67 expression. HER2 status was evaluated using the

HercepTestTM (DAKO) and was interpreted as 0, 1?, 2?,

or 3? according to the ASCO/CAP guidelines [25]. HER2

was considered positive in cases with 3? IHC score or

gene amplification by fluorescence in situ hybridization

(FISH) regardless of HER2 IHC result using the diagnostic

criteria described below.

Fluorescence in situ hybridization

FISH using PathVysion HER2 DNA Probe Kit (Abott,

Abott Park, IL) was performed manually in all patients. In

brief, consecutive sections from TMA were deparaffinized

and rehydrated. They were then boiled for 10 min in pre-

treatment solution, incubated with pepsin solution for

10 min, dehydrated in ethanol for 6 min, and finally air-

dried. For hybridization, the buffered probe (HER2/neu and

centromere 17) was introduced onto the slide and protected

by a coverslip that was sealed with rubber cement. For

denaturation, slides were heated to 82�C and incubated

overnight at 45�C in a dark humidified chamber. The

rubber cement and coverslip were then removed, and the

slides were transferred to stringent wash buffer for 10 min

at 65�C. Afterward, they were dehydrated in ethanol for

6 min and air-dried. Finally, they were counterstained with

40,6-diamidino-2-phenylindole (DAPI). Evaluation of sig-

nals was carried out using an epifluorescence microscope

(Olympus, Tokyo, Japan) equipped with a fluorescein, Cy3,

and DAPI filter set and a 100-W mercury lamp. Counting

was carried out according to the manufacturer’s manual.

Signals were counted in at least 60 tumor nuclei each TMA

cores. As the ASCO/CAP guidelines [25], an absolute

HER2 gene copy number [6 or HER2 gene/chromosome

17 copy number ratio[2.2 was considered HER2-positive.

Lymphocytes, fibroblasts, and normal ductal epithelial

cells were used as internal controls.

Statistical analysis

The differences between the groups were evaluated by a

Chi-square test. Fisher’s exact test was used when appro-

priate. Continuous variables were compared using one-way

analysis of variance (ANOVA) with Bonferroni multiple

comparison test. Survival curves were plotted using the

Kaplan–Meier method and group differences in survival

time were investigated by a log-rank test. A Cox’s hazards

model was used to identify the variables that were inde-

pendently associated with survival. All statistical tests were

two-sided and a P-value \ 0.05 was considered statisti-

cally significant. SPSS for Windows version 17.0 (SPSS

Inc., Chicago, IL) was used for all statistical analysis.

Results

Patient characteristics

The mean age at the time of diagnosis was 49.6 years

(range, 24–86) and the median follow-up period was

70.9 months (range, 5.8–118.1) for whole study population.

Clinicopathological characteristics according to adjuvant
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treatments are summarized in Table 1. The median pro-

portion of ER expression was 80% among our study pop-

ulation, which was used as cut-off value of ER expression:

low, 1% B ER B 80%; high, ER [ 80%. Most patients

(71.8%, n = 441) treated with selective estrogen receptor

modulators (SERMs) for 5 years and 155 (25.2%) received

AIs after being treated with SERMs for 2–3 or 5 years. Only

18 (2.9%) postmenopausal women received upfront AIs.

Table 1 Patient characteristics

SD standard deviation, HER2
human epidermal growth factor

receptor 2, SERMs selective

estrogen receptor modulators,

AIs aromatase inhibitors, CMF

cyclophosphamide,

methotrexate, and fluorouracil

Factors Whole study

population

(%, n = 614)

Endocrine therapy

alone (%, n = 119)

Endocrine and

chemotherapy

(%, n = 495)

Androgen receptor

Low 178 (29.0) 26 (21.8) 152 (30.7)

Intermediate 270 (44.0) 58 (48.7) 212 (42.8)

High 166 (27.0) 35 (29.4) 131 (26.5)

Age at diagnosis (years)

Mean ± SD 49.6 ± 10.0 59.1 ± 10.5 47.3 ± 8.4

Tumor stage

T1 328 (53.4) 97 (81.5) 231 (46.7)

T2 274 (44.6) 19 (16.0) 255 (51.5)

T3-4 12 (2.0) 3 (2.5) 9 (1.8)

Node stage

N0 335 (54.6) 104 (87.4) 231 (46.7)

N1 174 (28.3) 11 (9.2) 163 (32.9)

N2 59 (9.6) 1 (0.8) 58 (11.7)

N3 46 (7.5) 3 (2.5) 43 (8.7)

Histologic grade

I 162 (26.4) 45 (37.8) 117 (23.6)

II 355 (57.8) 58 (48.7) 297 (60.0)

III 97 (15.8) 16 (13.4) 81 (16.4)

Estrogen receptor

Mean ± SD (%) 76.6 ± 19.8 79.1 ± 19.8 76.0 ± 19.8

Low 341 (55.5) 54 (45.4) 287 (58.0)

High 273 (44.5) 65 (54.6) 208 (42.0)

Progesterone receptor

Mean ± SD (%) 53.7 ± 33.5 51.5 ± 33.8 54.3 ± 33.5

Negative 86 (14.0) 19 (16.0) 67 (13.5)

Positive 528 (86.0) 100 (84.0) 428 (86.5)

HER2

Negative 500 (81.4) 99 (83.2) 401 (81.0)

Positive 114 (18.6) 20 (16.8) 94 (19.0)

Ki-67 (n = 612)

\10% 443 (72.4) 95 (80.5) 348 (70.4)

C10% 169 (27.6) 23 (19.5) 146 (29.6)

Regimens of endocrine therapy

SERMs 441 (71.8) 93 (78.2) 348 (70.3)

Switch/extend to AIs 155 (25.2) 20 (16.8) 135 (27.3)

Upfront AIs 18 (2.9) 6 (5.0) 12 (2.4)

Regimens of chemotherapy

None 119 (19.4) 119 (100) –

CMF 298 (48.5) – 298 (60.2)

Anthracycline-based 90 (14.7) – 90 (18.2)

Taxane-containing 101 (16.4) – 101 (20.4)

Other 6 (1.0) – 6 (1.2)
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Systemic chemotherapies were administered to 495 (80.6%)

patients. Among these, 298 (60.2%) patients treated with

cyclophosphamide, methotrexate, and 5-fluorouracil (CMF)

regimens and 90 (18.2%) received anthracycline-based

(FAC, FEC, or AC) regimens. Adriamycin plus cyclo-

phosphamide followed by paclitaxel was administered to

101 (20.4%) patients with axillary nodal metastasis. Six

(1.2%) patients received oral doxifluridine.

AR levels and survival outcomes

Low, intermediate, and high AR expression was observed in

178 (29.0%), 270 (44.0%), and 166 (27.0%) patients,

respectively. The association of clinicopathological param-

eters with AR levels is presented in Table 2. A high AR

expression was significantly associated with smaller tumor

size, nodal uninvolvement, grade I/II tumor, higher PR

expression, and lower proliferation index. Although there

was no statistical significance for this, a lower AR expression

was associated with younger age at diagnosis, lower ER

expression, and higher HER2-positivity. The 5-year DFS of

patients with low, intermediate, and high AR expression was

81.3, 87.3, and 94.9%, respectively (P = 0.001). The 5-year

OS according to AR levels was 89.8, 95.2, and 97.3%,

respectively (P = 0.006). Survival curves according to AR

levels are shown in Fig. 1. Higher AR expression was pos-

itively associated with better survival among whole study

population. When other clinicopathological parameters

entered Cox’s models, higher AR expression was a signifi-

cant prognostic factor for survival by two or three categories

analyses of AR levels (Table 3).

To explore the implications of AR levels according to

systemic treatments, survival analysis was performed among

the 119 patients who received endocrine therapy alone. High

AR expression was significantly associated with better DFS

(Fig. 2a). Borderline significance was determined regarding

OS (Fig. 2b). Multivariate analysis revealed an independent

significance of AR levels for DFS, but not for OS among 119

patients treated with endocrine agents alone (Table 4). Sur-

vival according to AR levels is presented in Fig. 2 among the

495 patients who received both endocrine and chemother-

apy. A positive association of AR levels with survival

Table 2 Clinicopathological

characteristics according to

androgen receptor expression

levels

AR androgen receptor, SD
standard deviation HER2,

human epidermal growth factor

receptor 2; aOne-way analysis

of variance (ANOVA) with

Bonferroni multiple

comparisons; bChi-square test;
cStatistical significance was

found in AR-low vs. AR-

intermediate (P-value = 0.024

for estrogen receptor; and 0.002

for progesterone receptor) and

in AR-low vs. AR-high (P-

value = 0.001 for estrogen

receptor; and \0.001 for

progesterone receptor)

Factors AR-low

(n = 178, %)

AR-intermediate

(n = 270, %)

AR-high

(n = 166, %)

P-value

Age (years)

Mean ± SD 48.7 ± 10.1 49.7 ± 10.2 50.3 ± 9.6 0.296a

B35 12 (6.7) 13 (4.8) 5 (3.0) 0.276b

[35 166 (93.3) 257 (95.2) 161 (97.0)

Tumor stage

T1 70 (39.3) 149 (55.2) 109 (65.7) \0.001b

T2-4 108 (60.7) 121 (44.8) 57 (34.3)

Node stage

N0 79 (44.4) 148 (54.8) 108 (65.1) 0.001b

N1-3 99 (55.6) 122 (45.2) 58 (34.9)

Histologic grade

I/II 140 (78.7) 230 (85.2) 147 (88.6) 0.035b

III 38 (21.3) 40 (14.8) 19 (11.4)

Estrogen receptor

Mean ± SD (%) 72.2 ± 22.7 77.3 ± 19.0 80.2 ± 16.8 0.001a,c

Low 106 (59.6) 151 (55.9) 84 (50.6) 0.245b

High 72 (40.4) 119 (44.1) 82 (49.4)

Progesterone receptor

Mean ± SD (%) 44.9 ± 33.8 55.7 ± 33.3 60.0 ± 31.9 \0.001a,c

Negative 37 (20.8) 31 (11.5) 18 (10.8) 0.008b

Positive 141 (79.2) 239 (88.5) 148 (89.2)

HER2

Negative 139 (78.1) 220 (81.5) 141 (84.9) 0.264b

Positive 39 (21.9) 50 (18.5) 25 (15.1)

Ki-67 (n = 612)

\ 10% 115 (64.6) 201 (74.7) 127 (77.0) 0.020b

C 10% 63 (35.4) 68 (25.3) 38 (23.0)
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outcomes was demonstrated in the univariate analysis

(Fig. 2c for DFS and Fig. 2d for OS). However, no statistical

significance of AR levels was shown in the multivariate

analysis (Table 4). When AR level was categorized into two

groups [low versus (vs.) intermediate/high], it did not reach a

statistical significance yet regardless of adjuvant therapeutic

modalities (Table 4).

Clinical benefits from chemotherapy by AR levels

The implications of AR levels on survival outcomes

remained significant in the multivariate analysis of patients

treated with endocrine agents alone, but disappeared in

those who received both endocrine and chemotherapy.

These findings suggested that use of chemotherapy might

Fig. 1 Disease-free (a) and

overall survival (b) according to

androgen receptor (AR)

expression levels in 614 patients

with estrogen receptor-positive

breast cancer

Table 3 Multivariate analysis for survival among whole study population

Factors Disease-free survival Overall survival

HR 95% CI P-value HR 95% CI P-value

Two categories of AR level

AR (low vs. intermediate/high) 0.671 0.428–1.054 0.083 0.543 0.302–0.977 0.042

Age ([35 vs. B 35) 1.621 0.763–3.445 0.209 2.279 0.939–5.529 0.069

Tumor stage (T1 vs. T2-4) 1.373 0.839–2.247 0.207 1.800 0.913–3.548 0.089

Node stage (N0 vs. N1-3) 2.811 1.648–4.797 \0.001 2.260 1.151–4.438 0.018

HG (I vs. II/III) 2.742 1.242–6.055 0.013 1.937 0.800–4.694 0.143

ER (low vs. high) 1.152 0.737–1.801 0.533 0.637 0.345–1.177 0.150

PR (positive vs. negative) 2.209 1.345–3.629 0.002 1.745 0.902–3.375 0.098

HER2 (negative vs. positive) 1.409 0.838–2.369 0.195 0.921 0.436–1.945 0.829

Ki-67 (\10% vs. C10%) 1.523 0.946–2.454 0.084 1.285 0.676–2.441 0.445

Chemotherapy (yes vs. no) 2.638 1.458–4.774 0.001 3.546 1.731–7.264 0.001

Three categories of AR level

AR (low vs. intermediate) 0.805 0.501–1.293 0.369 0.617 0.330–1.154 0.131

AR (low vs. high) 0.414 0.203–0.846 0.016 0.391 0.156–0.979 0.045

Age ([35 vs. B35) 1.566 0.737–3.327 0.244 2.224 0.917–5.393 0.077

Tumor stage (T1 vs. T2-4) 1.358 0.832–2.215 0.221 1.774 0.903–3.486 0.096

Node stage (N0 vs. N1-3) 2.701 1.588–4.596 \0.001 2.204 1.125–4.318 0.021

HG (I vs. II/III) 2.733 1.239–6.029 0.013 1.941 0.802–4.696 0.141

ER (low vs. high) 1.172 0.749–1.835 0.487 0.643 0.348–1.190 0.159

PR (positive vs. negative) 2.205 1.342–3.624 0.002 1.727 0.892–3.344 0.105

HER2 (negative vs. positive) 1.383 0.822–2.326 0.222 0.907 0.429–1.917 0.798

Ki-67 (\10% vs. C10%) 1.546 0.960–2.491 0.073 1.291 0.679–2.453 0.436

Chemotherapy (yes vs. no) 2.548 1.411–4.604 0.002 3.430 1.675–7.021 0.001

HR hazard ratio, CI confidence interval, AR androgen receptor, HG histologic grade, ER estrogen receptor, PR progesterone receptor, HER2
human epidermal growth factor receptor
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Fig. 2 Survival according to

androgen receptor (AR)

expression levels in patients

who received endocrine therapy

without (a, b) or with (c, d)

chemotherapy

Table 4 Cox’s hazard models stratified by adjuvant treatment modalities or androgen receptor expression levels

Factors Disease-free survival Overall survival

HRa 95% CI P-value HRa 95% CI P-value

Endocrine therapy alone (n = 119)

Two categories of AR level

AR (low vs. intermediate/high) 0.419 0.144–1.214 0.109 0.344 0.104–1.138 0.080

Three categories of AR level

AR (low vs. intermediate) 0.597 0.200–1.780 0.355 0.459 0.131–1.607 0.223

AR (low vs. high) 0.111 0.013–0.961 0.046 0.135 0.015–1.208 0.073

Endocrine and chemotherapy (n = 495)

Two categories of AR level

AR (low vs. intermediate/high) 0.714 0.428–1.192 0.197 0.617 0.308–1.233 0.172

Three categories of AR level

AR (low vs. intermediate) 0.827 0.479–1.430 0.497 0.679 0.319–1.447 0.316

AR (low vs. high) 0.507 0.236–1.089 0.082 0.503 0.182–1.388 0.185

AR-high subgroup (n = 166)

Chemotherapy (yes vs. no) 1.084 0.113–10.400 0.944 1.966 0.125–30.963 0.631

AR-intermediate/low subgroup (n = 448)

Chemotherapy (yes vs. no) 2.679 1.452–4.944 0.002 3.371 1.611–7.052 0.001

AR-high/intermediate subgroup (n = 436)

Chemotherapy (yes vs. no) 2.266 1.040–4.936 0.040 2.828 1.097–7.286 0.031

AR-low subgroup (n = 178)

Chemotherapy (yes vs. no) 4.001 1.491–10.738 0.006 5.989 1.793–20.004 0.004

HR hazard ratio, CI confidence interval, AR androgen receptor;
a Hazard ratio was adjusted for age at diagnosis, tumor and node stage, histologic grade, estrogen receptor level, progesterone receptor, human

epidermal growth factor receptor 2, and Ki-67
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provide different clinical benefits depending on AR levels.

A favorable association with statistical significance was

determined in AR-high subgroup, so, we divided the study

population into two groups as follows: AR-high vs. AR-

intermediate/low.

Among 166 patients with high AR expression, those

who received chemotherapy (n = 131) were significantly

associated with larger tumor size (P \ 0.001), nodal

involvements (P \ 0.001), and grade II/III tumors (P =

0.004). In the intermediate/low AR subgroup (n = 448), a

similar association was shown in patients who received

chemotherapy (n = 364). Survival according to use of

chemotherapy are presented in Fig. 3 among patients with

high (Fig. 3a, b) or intermediate/low (Fig. 3c, d) AR expres-

sion. Patients with high AR expression showed better

outcomes irrespective of the administration of chemother-

apy. On the other hand, among patients with intermediate/

low AR expression, those who received chemotherapy

demonstrated trends of favorable survival.

Use of chemotherapy did not support survival benefits to

patients with high AR expression in Cox’s model adjusted

for age at diagnosis, tumor and node stage, grade, ER

levels, PR expression, HER2 positivity, and Ki-67 prolif-

erative index. On the contrary, among patients with inter-

mediate/low AR expression, no use of chemotherapy was

significantly associated with elevated risk for DFS and OS

(Table 4). When AR level was categorized into low versus

intermediate/high groups, additional use of chemotherapy

provided survival benefit to both groups, which suggested

that AR-intermediate/low expression might be an indica-

tor for determining use of adjuvant chemotherapy in

ER-positive breast cancers. However, formal interaction

tests between use of chemotherapy and AR levels (AR-high

vs. AR-intermediate/low) were not significant for DFS

(P = 0.283) and OS (P = 0.559); therefore, statistical

interpretation should be done with caution.

Discussion

Adjuvant treatments including endocrine and chemother-

apy have improved survival of breast cancer patients [1].

However, those therapies also cause unavoidable exposure

to various degrees of toxicity. Expression of ER in breast

cancers is not only a good prognostic marker but a pre-

dictive indicator of responsiveness to endocrine therapy

[26, 27]. For an accurate prediction of responsiveness to

tamoxifen, ER expression levels, presence of PR expres-

sion, receptor tyrosine kinase pathways including HER2,

gene signatures, and genetic polymorphisms of tamoxifen-

metabolizing enzymes, particularly CYP2D6, have been

suggested [3–5, 26, 27], however, other endocrine-related

pathway such as androgen and AR signaling has not been

extensively investigated.

Fig. 3 Survival according to

use of chemotherapy in patients

with high (a, b) or intermediate/

low (c, d) androgen receptor

expression
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Clinical significance of AR was previously proposed for

the treatment of metastatic breast cancer patients, but, the

prognostic and predictive values of AR have recently been

highlighted in primary breast cancer patients [18, 28]. Our

recent study suggests that AR expression is significantly

associated with better survival and provides possible

implications regarding the prediction of responses to

endocrine therapy in ER-positive tumors [13]. To confirm

the predictive role of AR, this retrospective study was

carried out in the ER-positive subset of study cohorts, most

of whom treated with SERMs. Higher levels of AR

expression were significantly associated with favorable

clinicopathological characteristics and better outcomes

among study population as a whole and the subgroup who

received endocrine therapy alone. These results are con-

sistent with recent studies [14, 29], but they did not

investigate survival according to AR levels. Although AR

is not a definite target of SERMs and arbitrary cut-off

values are used, our pioneering exploration suggests AR

expression level could provide both prognostic and pre-

dictive information for ER-positive, luminal subtype

tumors. A higher AR level may be associated with better

responsiveness to endocrine therapy in patients with ER-

positive breast cancer. Since the recent prospective Ge-

parTrio trial of neoadjuvant setting that was different from

our adjuvant setting revealed no role of AR on survival in

luminal or HER2-like subtypes [30], it remains to validate

in an independent dataset and to determine explanatory

molecular mechanisms.

ER-positive tumors make up more than two-third of all

breast cancer cases, usually demonstrate better survival,

and respond well to endocrine agents having relative low

toxicity [1]. It is not easy to accurately predict clinical

benefits from cytotoxic chemotherapy in ER-positive sub-

group. The current National Comprehensive Cancer Net-

work (NCCN) guidelines, St. Gallen consensus meeting,

Adjuvant Online (www.adjuvantonline.com), and Cancer-

Math (www.lifemath.net/cancer) recommend that decision

making regarding the additional use of chemotherapy is

based on multiple prognostic factors including tumor size,

nodal status, ER, PR, and HER2 status [11, 12, 31, 32].

Validation trials using 21-gene recurrence score (TAI-

LORx trial) or 70-gene signature (MINDACT trial) are

ongoing and the clinical significance of gene expression

profiling will be confirmed in the near future.

So far, little is known about the possible implications of

AR on the clinical benefits from chemotherapy in ER-

positive breast cancer patients. Therefore, AR expression

has not been significantly considered in the current clinical

guidelines or risk prediction models. The present study has

suggested possible promising results, although it has the

limitations of retrospective nature and use of TMA blocks,

not whole sections. There were no significant benefits from

chemotherapy in patients with high AR level and border-

line trends in those with lower AR level. Our risk models

were adjusted for traditional prognostic parameters such as

tumor and nodal stage, grade, ER levels, and HER2. Recent

reports have demonstrated that certain subtypes or thera-

peutic regimens had a higher possibility of discriminating

clinical benefits from investigation of AR expression [13,

14, 33]. Taken together, consideration of AR expression

levels might be able to define more specific subgroup

gaining benefits from additional adjuvant endocrine or

chemotherapy. Furthermore, if gene signatures related to

AR signal pathways are included in risk assessment mod-

els, it might be possible to predict more precise, improved,

and individual outcomes for breast cancer patients.

In summary, AR expression level is positively associ-

ated with survival outcomes in ER-positive breast cancers.

Higher AR expression is an independent prognostic factor

and a significant predictor for better endocrine-respon-

siveness in the ER-positive subgroup. Patients with ER-

positive, AR-high level tumors are less likely to gain

clinical benefits from additional cytotoxic chemotherapy.

Therefore, AR expression levels might be able to provide

additional information of indication for adjuvant systemic

chemotherapy in patients with ER-positive tumors.
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